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@ Ceramic honeycomb catalytic converter. 

^ A ceramic honeycomb catalytic converter having a novel canning structure capable of stably retaining 
a thin-walled ceramic honeycomb catalyst (12) within a metal casing (11) for a long period. A retainer 
member In the form of a ceramic fiber mat (13) is disposed between an inner peripheral surface of the 
casing and an outer peripheral surface of the honeycomb catalyst, in a compressed state to generate a 
surface pressure for retaining the honeycomb catalyst in place. The ceramic fiber mat is composed of 
heat resistant and non-lntumescent ceramic fibers, and has a compression charactenstic which is 
substantially free from a significant increase or decrease in a practical use temperature range of the 
catalytic converter. The casing may be provided with at least one locking member (14,15) for locking the 
ceramic fiber mat In a flow direction of exhaust gas passed through the honeycomb catalyst 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 The present invention relates to a ceramic honeycomb catalytic converter which can be suitably used for 

an exhaust gas clarification system of an internal combustion engine for vehicles. 

More particularly, the present invention pertains to a ceramic honeycomb catalytic converter which com- 
prises a metal casing, a ceramic honeycomb catalyst accommodated in the casing, and a retainer member in 
the form of a ceramic fiber mat disposed in a compressed state between an outer surface of the honeycomb 

10 catalyst and an inner surface of the casing, thereby generating a surface pressure for holding the honeycomb 
catalyst within the casing. 

2. Description of the Related Art 

15 As known in the art, ceramic honeycomb catalytic converters of the kind mentioned above Include a cer- 
amic honeycomb catalyst wherein a number of flow channels having a polygonal cell-like cross-section and 
extending longitudinally through the honeycomb catalyst are defined by a peripheral wall and partition walls 
anranged inside of the peripheral wall. Conventional arrangement of such ceramic honeycomb catalytic con- 
verters is disclosed, for example, in JP-A-57-56,615, JP-A-61-241,413, JP-A-1 -240,7 15, JP-U-55-1 30.012, 

20 JP-U-56-67,314 and JP-U-62-171.614. 

Such ceramic honeycomb catalytic converters have been widely spread primarily due to a high open frontal 
area of the ceramic honeycomb catalyst and a resultant low pressure drop when exhaust gas is passed through 
the flow channels in the honeycomb catalyst, making it readily possible to achieve an excellent exhaust gas 
clarifying performance. As a typical example, an advanced ceramic honeycomb catalyst used for practical pur- 

25 poses has a partition wall thickness or rib thickness of approximately 0.170 mm and a flow channel density 
or cell density of 60 cells per unit cross-sectional area of 1 cm^. 

In accordance with a recent enhancement in the exhaust gas regulation as related to environmental prob- 
lems, e.g., a requirement for reduction in the total emission amount of hydrocarbon in the LA-4 mode which is 
one of exhaust gas evaluation test modes In the United States, there is a strong demand for an improved cer- 

30 amic honeycomb catalyst which is capable of achieving a distinguished exhaust gas clarifying performance 
as compared to conventional honeycomb catalysts. Specifically, in an operational state Immediately after start- 
ing an engine, i.e., in the so-called cold start state, the exhaust gas clarifying efficiency undergoes a consid- - 
erable deterioration because the catalyst is still not much wamned and hence it is not sufficiently activated. 
Thus, an early activation of the catalyst during the cold start state is considered as the most Important task to 

35 clear the exhaust gas regulation. From such a viewpoint, as a general discussion, it has been proposed to re- 
duce the thickness of the partition walls of the ceramic honeycomb structural body. The thin-wailed ceramic 
honeycomb structural body serves on one hand to increase the open frontal area and thereby decrease the 
pressure loss and reduce the structure weight, and on the other hand to decrease the heat capacity of the 
catalyst and enhance the temperature elevation speed of the catalyst In this case, a large geometric surface 

40 area of the honeycomb structural body can be obtained so that it is also possible to realize a compact structure. 
However, the thin-walled ceramic honeycomb structure, in turn, makes it difficult to achieve a predetermined 
minimum guarantee value, generally no less than 5 kgf/cm2, preferably no less than 10 kgf/cm^. of the isostatic 
destruction strength as one index of the structural strength. The term "isostatic strength" is defined in the 
JASO Standard M505-87. an automobile standard issued by The Corporation of Automobile Technology As- 

45 sociation, Japan, and refers to a compressive destruction strength of the honeycomb structure under an iso- 
static or isotropic hydrostatic load, and is represented by a pressure value when the destruction occurs. Need- 
less to say, ceramic honeycomb structural bodies with a poor isostatic strength require a very careful handling, 
and may be readily subject to damages during the so-called "canning" process whereby the honeycomb cat- 
alyst is loaded into the converter casing and retained therein such that the honeycomb catalyst is prevented 

50 from dislocation due to vibrations, etc., which are encountered in practical use condition. 

In many cases, the canning for retaining the ceramic honeycomb catalyst in place within a casing is effected 
by holding the outer peripheral surface of the honeycomb catalyst. However, the canning is sometimes effected 
in a different manner, e.g.. by retaining the honeycomb catalyst solely in the xhaust gas flow direction, or in 
a combined mode in which the honeycomb catalyst is held at its outer peripheral surface while being retained 

55 in the exhaust gas flow direction. Normally, the canning is implemented using a ceramic fiber mat held com- 
pressed between the outer periphery of a hon ycomb catalyst and the inner p riphery of the metal casing, 
whereby the honeycomb catalyst is retained in place within the metal casing by a surface pressure generated 
by the ceramic fib r mat. In this instance, the catalyst canning structures, in particular the catalyst retainer 
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members, are required to exhibit a high reliability in t rms of the heat resistance. This is mainly due to th fact 
that, in view of the above-mentioned requirement for an early activation of the catalyst in the cold starting stage, 
the recent trend is to install the catalyst at a location close to the engine where the catalyst may be exposed 
to exhaust gas at a higher temperature, and/or to operate the engine under such a condition as to emit xhaust 
gas at a higher temperature. Emission of exhaust gas at a higher temperature may also result from an air/fuel 
ratio which is approximated to a stoichiometrical ratio in the high speed mode of the vehicle for satisfying va- 
rious regulations regarding CO2 emission, fuel consumption, etc. 

The requirement for a highly reliable heat resistance characteristic of the catalyst canning structures, in 
particular the catalyst retainer members, is also associated with a recent progressive application of the exhaust 
gas emission regulations to motorcycles, which necessitates an exhaust gas clarification system suitable for 
motorcycle engines. That is. due to a space limitation in the case of motorcycles, a catalyst converter is often 
installed within a muffler so that the metal casing with a catalyst converter housed therein is maintained out 
of contact with the open air and therefore hardly cooled. Consequently, the metal casing and the retainer mem- 
ber are subject to get heated up to an extremely high temperature. 

As a ceramic fiber mat forming the catalyst retainer member for the canning structure, it has been a general 
practice to use a intumescent. i.e.. thermally expansive mat composed of alumina-silica fibers added with ver- 
miculite. However, conventional intumescent mats proved to undergo deterioration in their compression char- 
acteristic, when they are heated beyond an upper limit temperature of 800-900 *»C. More particularly, the sur- 
face pressure which had been acting to retain the honeycomb catalysts In place tends to decrease with the 
progress of deterioration. Then, it Is no longer possible to stably retain the honeycomb catalyst in its initial pos- 
ition, so that the honeycomb catalyst tends to get premature wear as a result of friction with cone, retainer ring 
and/or end face cushion, etc.. which are provided in the flow directional end region of the metal casing, or to 
get damages due to intensive vibrations transmitted from the engines. Besides, the mats may scatter away 
when they are exposed to the intensive heat of exhaust gas. To overcome these problems, the ceramic hon- 
eycomb catalytic converter disclosed in the above-mentioned JP-A-61-241 41 3 Is combined with a ceramic fib- 
er layer which is arranged between the intumescent mat and the inner surface of the metal casing. Such a 
solution, however, is not always appropriate because the resultant structural complexity makes It difficult to 
improve the manufacturing productivity of the ceramic honeycomb catalytic converters. 

Besides, it should be noted that a reduced thickness of the partition walls of the ceramic honeycomb cat- 
alyst results inevitably in a decreased isostatic strength, and further that there may be instances wherein a 
thermal expansion of conventional mat rapidly increases the surface pressure generated thereby. The de- 
creased isostatic strength of the thin-wailed ceramic honeycomb catalyst in combination with the increased 
surface pressure may give rise to damages to the ceramic honeycomb catalysts during their actual application. 
Thus, realization of a thin-walled ceramic honeycomb catalyst has been generally recognized to be practically 
incorrpatibie with a stable retention of the honeycomb catalyst in place. To the knowledge of the inventors, 
there has been no proposals regarding the canning structure which is capable of stably retaining a thin-walled 
ceramic honeycomb catalyst in place for a long period. 

SUMi\/1ARY OF THE INVENTION 

It is therefore a primary object of the present invention to provide a ceramic honeycomb catalytic converter 
including a canning structure which is capable of stably retaining a honeycomb catalyst for a long period even 
when the honeycomb catalyst Is of a thin-walled structure, so that some or all the above-mentioned problems 
can be eliminated or reduced. 

According to a first aspect of the present invention, there is provided a ceramic honeycomb catalytic con- 
verter which comprises a metal casing, a ceramic honeycomb catalyst accommodated in the casing, and a re- 
tainer member in the form of a ceramic f iber mat which is disposed In a compressed state between an outer 
surface of the honeycomb catalyst and an inner surface of the casing, thereby generating a surface pressure 
for retaining the honeycomb catalyst within the casing, wherein the ceramic fiber mat comprises heat resistant 
and non-intumescenl ceramic fibers (e.g. fibers which do not contain vermiculite or the like expansive agent), 
and wherein the ceramic fiber mat has a compression characteristic which does not exhibit a significant in- 
crease or decrease in a practical use temperature range of the catalytic converter. 

As mentioned above, the arrangement according to the first aspect of the present invention Is featured by 
' a provision of the ceramic fib r mat an-anged and held compressed between the ceramic hon ycomb catalyst 
and the metal casing, wherein the ceramic fiber mat comprises heat resistant and non-intumescent ceramic 
fibers and has a compression characteristic which does not exhibit a significant increase ord creas in a prac- 
tical use temp rature range of the catalytic converter. Such a ceramic fiber mat serves to stably maintain the 
surfac pressure of the mat at an optimal level without being subject to a significant fluctuation under practical 
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use condition of the catalyst converter. Besides, the ceramic fiber mat as used in th present invention makes 
it possible to stably retain the c ramie honeycomb catalyst in position within the metal casing over a long period , 
even when the honeycomb catalyst is of a thin-walled structure. This serves to effectively protect the honey- 
comb catalyst from damag s in a practical use condition. 

5 According to a second aspect of the present Invention, there Is provided a ceramic honeycomb catalytic 

converter which comprises a metal casing, a ceramic honeycomb catalyst accommodated In the casing, and 
a retainer member disposed in a compressed state between an outer surface of the honeycomb catalyst and 
an inner surface of the casing, thereby generating a surface pressure for retaining the honeycomb catalyst In 
place within the casing, wherein the casing Is provided with at least one locking member for locking the retainer 

10 member in a flow direction of exhaust gas passed through the honeycomb catalyst 

With the arrangement according to the second aspect of the present invention, the retainer member for 
retaining a ceramic honeycomb catalyst in place within the metal casing is locked In the exhaust gas flow di- 
rection, by means of at least one locking member provided for the metal casing. It is thus possible to effectively 
prevent loosening and dislocation of the ceramic honeycomb catalyst within the metal casing even when the 

15 retention force applied by the retainer member is decreased during the operation of the catalytic converter un- 
der a high temperature condition, and to thereby positively protect the ceramic honeycomb catalyst from pre- 
mature wear and damages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The present invention will be further explained hereinafter with reference to to accompanying drawings, 
in which: 

Figs, lAand 1 B are cross-sectional view and longitudinal-sectional view, respectively, showing a first em- 
bodiment of the present invention as applied to a stuffing-type catalytic converter; 
25 Figs. 2A and 2B are perspective view and fragmentary sectional view, respectively, showing one modifi- 

cation of the catalytic converter according to the first embodiment of the invention; 
Fig. 3 Is a longitudinal-sectional view showing another modification of the catalytic converter according 
to the first embodiment of the invention; 

Figs. 4A and 4B are cross-sectional view and fragmentary side view, respectively, showing a second em- 
30 bodiment of the present invention as applied to a rolling-type catalytic converter; 

Figs, 5A and 58 are cross-sectional view and fragmentary side view, respectively, showing one modifi- 
cation of the catalytic converter according to the second embodiment of the invention; 
Fig. 6 is a cross-sectional view showing a third embodiment of the present inventton as applied to a clam- 
shell-type catalytic converten 
35 Fig. 7 Is a graph showing the compression characteristic under a heated condition, of a conventional in- 
tumescent ceramic fiber mat and a heat durable, non-intumescent ceramic fiber mat used In the invention; 
Fig. 8 is a schematic diagram showing the manner of perfonning a push-out experiment under a heated 
condition, with respect to a conventional Intumescent ceramic fiber mat and a heat resistant and non-in- 
tumescent ceramic fiber mat used in the invention; 
40 Fig. 9 is a longitudinal-sectional view showing the catalytic converter according to a fourth embodiment 

of the present invention; 

Fig. 10 is a longitudinal-sectional view showing the catalytic converter according to a fifth embodiment of 
the present invention; 

Fig. 11 is a longitudinal-sectional view showing the catalytic converter according to a sb<th embodiment 
45 of the present invention; 

Fig. 12 is a longitudinal-sectional view showing a first modification of the catalytic converter according to 
the sixth embodiment of the invention; 

Fig. 13 is a longitudinal-sectional view showing a second modification of the catalytic converter according 
to the sixth embodiment of the invention; 
50 Fig. 14 Is a longitudinal-sectional view showing a third modification of the catalytic converter according 

to the sixth embodiment of the Invention; 

Fig. 15 is a longitudinal-sectional view showing a fourth modification of the catalytic converter according 
to the sixth embodiment of the invention; 

Fig. 16 is a longitudinal-sectional vi w showing a muffler for motorcycles, in which the catalytic convert r 
55 is accommodated; and 

Fig. 1 7 is a longitudinal-sectional vi w showing a fifth modification of th catalytic converter according to 
the sixth embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1 A and 1 B are respectively cross-sectional view and longitudinal-sectional view of the first embodi- 
ment in which th present Invention is applied to a catalytic conv rter of a stuffing-type. The catalytic converter 
5 1 0 in this emtjodiment includes a metal casing or "can" 1 1 with a hollow cylindrical shape, a ceramic hon ycomb 
catalyst 12 accommodated within metal casing 11. and a retainer member in the form of a ceramic fiber mat 

13 which is arranged and held compressed between the Inner peripheral surface of the metal casing 11 and 
the outer peripheral surface of the ceramic honeycomb catalyst 12. The ceramic honeycomb catalyst 12 is re- 
tained In place within the metal casing 11 by a surface pressure of the ceramic fiber mat 13. The metal casing 

10 11 of this embodiment is of a monolithic construction with a hollow cylindrical shape, prepared by subjecting 
a heat resistant stainless steel sheet, such as SUS 304, etc.. to a press operation. The metal casing 11 on its 
one axial end, i.e., on the left end in Fig. IB, is provided with a flange 14 which protrudes radially inward. In 
this case, the flange 14 may be of a circumferentially continuous configuration. Using a suitable jig, the hon- 
eycomb catalyst 12 is stuffed, i.e., press-fitted into the metal casing 11 , starting from the side of the other end, 

15 i.e.. the left end side in Fig. 1 B. When the honeycomb catalyst 1 2 is properly press-fitted into place within the 
metal casing 11, one end (i.e., the left end in Fig. IB) of the honeycomb catalyst 12 is urged against the flange 

1 4 with the ceramic fiber mat 1 3 held compressed between the outer surface of the honeycomb catalyst 12 
and th e inner surface of the metal casing 11. Such process of press-fitting the honeycomb catalyst 12 into the 
casing is known, per se. so that a further detailed description is omitted. Upon press-fitting the honeycomb 

20 catalyst 12 Into the metal casing 12, a retainer ring 15 is spot-welded to the other end of the metal casing 11 
so as to cooperate with the flange 14 to axially retain the honeycomb catalyst 12 within metal casing 11. Al- 
though the honeycomb catalyst 12 is retained in place within the metal casing 11 primarily by the surface pres- 
sure of the ceramic fiber mat 13. the flange 14 not only functions to position the honeycomb catalyst 12 at its 
set position when press-fitted into the metal casing 11, but also cooperates with the retainer ring 15 so as to 

25 prevent the honeycomb catalyst 1 2 from a minute axial displacement under practical use condition, which may 
be caused by a shear strain-originated deformation occurring in the ceramic fiber mat 13, thereby makingjt 
possible to positively retain the honeycomb catalyst 12 with a satisfactory reliability. Furthermore, as means 
for mounting the catalytic converter 10 to the exhaust system of an internal combustion engine, not shown, a 
metal member or so-called cone for the introduction or discharge of exhaust gas into or from the catalytic con- 

30 verter may be coupled to each axial end of the metal casing 11 by welding or the like, and the exhaust pipe 
and the cone may be welded to each other or they may be bolt-coupled together via a flange. It is of course 
that, instead of using such a cone, the metal casing 11 may be welded directly to the exhaust pipe. 

Figs. 2A and 2B are respectively perspective view and fragmentary sectional view, showing a modified 
example of the ceramic honeycomb catalytic converter 1 0 of the stuffing-type according to the first embodi- 

35 ment of the invention. In this example, instead of spot-welding a separately prepared retainer ring 15 to one 
end of the metal casing 11 , the metal casing 11 at its one end is integrally provided with a plurality of protrusions 
1 6 at locations which are circumferentially spaced from each other, so as to project axially from the end of the 
metal casing 11. After completion of the press-fitting operation of the honeycomb catalyst 12 into the metal 
casing 11, these protrusions 16 are bent radially inward as shown by anrow in Fig. 2B, so that the honeycomb 

40 catalyst 12 can be retained axially in place within the metal casing 11. 

Fig. 3 is a longitudinal-sectional view illustrating another modified example of the ceramic honeycomb cat- 
alytic converter 1 0 of the stuffing-type according to the first embodiment of the invention. In this example, the 
metal casing 11 is a casting of a heat resistant stainless steel, with flanges 17, 18 integrally provided at both 
ends of the metal casing 11 . The catalytic converter 1 0 according to this example is bolt-coupled to the exhaust 

45 pipe of the engine exhaust system by means of the flanges 17. 1 8. after the ceramic honeycomb catalyst 12 
has been press-fitted into the metal casing 11 . As a matter of course, the catalytic converter 1 0 may be of such 
a construction wherein it is coupled to the exhaust pipe by means of a retainer ring. 

Figs. 4Aand 4B are respectively cross-sectional view and partial side view showing the second embodi- 
ment of the catalyst converter according to the present invention which is of a rolling-type. The catalytic con- 
so verter 20 in this embodiment also includes a metal casing 21 of a hollow cylindrical shape, a ceramic honey- 
comb catalyst 22 accommodated within the metal casing 21, and a ceramic fiber mat 23 arranged and held 
compressed between the Inner surface of the metal casing 21 and the outer surface of the honeycomb catalyst 
22. wherein the honeycomb catalyst 22 is retained in place within the metal casing 21 by a surface pressure 
of the ceramic fiber mat 23. Th metal casing 21 in this embodiment is fomned aft r covering the outer surfac 

55 of the hon ycomb catalyst 22 by the ceramic fiber mat 23, by cylindrically wrapping up a heat resistant stainless 
steel sheet, such as SUS 304. over the ceramic fiber mat 23 such that both circumfer ntial ends 24a, 24b of 
the stainless steel sheet are overlapped with, and welded to ach other. Each circumferential end 24a, 24b of 
the stainless steel sheet forming the metal casing 21 may extend linearly in the axial direction, so that the weld- 
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ing line extends linearly along one circumferential end 24a. After forming the metal casing 21 in such a manner 
as mentioned above, a retainer ring, not shown, may be spot-welded to th both axial ends of the metal casing 
21 as In the first embodiment explained above. It should be noted that, instead of welding a separate retainer 
ring to on axial end of the metal casing 21, it is also possible to integrally provide the metal casing 21 with 

5 axial protrusions similar to those described with r ference to Figs. 2A and 2B. at a plurality of circumferential 
locations, and to bend them radially Inward upon completion of wrapping-up of the stainless steel sheet, for 
axially retaining the honeycomb catalyst 22 within metal casing 21 . 

Figs. SAand 5B are respectively cross-sectional view and partial side view, showing a modified example 
of the catalytic converter 20 of the rolling-type according to the second embodiment mentioned above. The 

10 catalytic converter 20 of this example is basically same in structure as the second embodiment, but differs 
therefrom in that each circumferential end 26a, 26b of the stainless steel sheet forming the metal casing 21 is 
of a comb-teeth profile with a staggered pattern. 

Fig. 6 is a cross-sectionat view showing the third embodiment of the catalytic converter according to the 
present invention, which is of a clam-shell structure. The catalytic converter 30 of this embodiment also in- 

15 eludes a metal casing 31 of a hollow cylindrical shape, a ceramic honeycomb catalyst 32 accommodated within 
the metal casing 31, and a ceramic fiber mat 33 arranged and held compressed between the inner surface of 
the metal casing 31 and the outer surface of the honeycomb catalyst 32, wherein the honeycomb catalyst 32 
is retained in place within the metal casing 31 by the surface pressure of the ceramic fiber mat 33. The metal 
casing 31 of this embodiment is of a two-piece structure comprising a pair of half shell members 34, 35 each 

20 having a semt-circular cross-section, which are welded together at flanges 34a, 34b, 35a, 35b extending axially 
along the respective circumferential ends of the half shell members 34, 35. It should be noted that retainer rings 
for axially retaining the honeycomb catalyst 32 may be welded to the inner surface of the metal casing 31 at 
those areas thereof which are opposed to the respective axial ends of the honeycomb catalyst 32. 

Commonly with the above-mentioned first through third embodiments, each of the ceramic honeycomb 

25 catalysts 12, 22, 32 has a ceramic honeycomb structure with a large number of cell-like through-holes of a 
polygonal cross-section, arranged adjacent to each other with partition walls therebetween which are provided 
inside the circumferential wall of the ceramic catalyst. For practical applications, there are used honeycomb 
catalysts 10 fabricated in various structures with a circular prof lie (round type), an elliptical profile (oval type), 
an elongated circular profile (field track type) and other non-circular profile in the respective cross-sections 

30 which are perpendicular to the flow direction. Furthennore, besides a ceramic honeycomb structure with a 
straight flow directional axis, there Is also known a ceramic honeycomb structure with a curved flow directional 
axis. Refenring to the relationship between the cros&-sectlonal profile of the honeycomb structure and the va- 
rious canning structures in the above-mentioned embodiments, the stuffing-type of the first embodiment al- 
lows a relatively easy canning of the honeycomb structure with a round cross section, while the rolling-type 

35 of the second embodiment or the dam-shell-structure of the third embodiment allows an easy canning of the 
honeycomb structure with an ovat profile, a field track profile or other non-circular profile. 

Advantageously, the thin-walled ceramic honeycomb structure, a primary object of the catalytic converter 
according to the present invention, has a circumferential wall thickness of at least 0.1 mm, a partition wall thick- 
ness of not less than 0.050 mm but not greater than 0. 150 mm, an open frontal area of 65-95%, an A-axis com- 

40 pression strength of not less than SOkgf/cm^ and a B-axis compression strength of not less than 5kgf/cm2, for 
example. Such a thin- walled ceramic honeycomb structure is more fully disclosed In the applicants' copending 
European Patent Application No. 94302077.6 filed March 23, 1994, and assigned to the assignee of this ap- 
plication, so that the disclosure of said copending application is herein incorporated by reference. 

The A-axis compression strength refers to a compression strength prescribed in the aforementioned JASO 

45 Standard M505-87, and corresponds to the destruction strength that a ceramic honeycomb structure exhibits 
when applied with a compression load in the flow direction of the honeycomb structure, i.e., perpendicularly 
to the cross-section thereof. The B-axis compressive strength refers to the destruction strength that the cer- 
amic honeycomb structure exhibits when applied with a compression load in a direction parallel to the cross- 
section of the honeycomb structure and perpendicular to the partition walls, and is likewise prescribed by said 

50 JASO Standard. Furthermore, the isostatic destruction strength is also prescribed by said JASO Standard as 
a compression destruction strength that the honeycomb structure exhibits when isostatically applied with a 
hydrostatic load, as already described. Since the test for the A-axis compressive strength takes place by ap- 
plying a compression load to a honeycomb structure testpiece in its flow direction, the A-axis compressive 
strength of the honeycomb structure is not affected much by such a defect as partition wall deformation, etc. 

55 and has a relatively strong correlation with the material strength. In contrast, though th B-axis compressive 
strength depends also on the material strength, it is heavily affected by a def ct such as a partition wall de- 
formation, etc. In this regard, the isostatic destruction strength is comparable to the B-axis compressive 
strength. With this in view, it is understood that both isostatic destruction strength and B-axis compressive^ 
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noted thatthetestfortheB-axis compressive strength ,s.mpteme^^^^ 

of the honeycomb structure in the absence of its ^^'^"^l^JJ^^^^^ ^^^^l ^J,^ TZZni^.^ wall struo- 
obtainable with th honeycomb structure .s essentially ^f^J^"^ f ^^^^^^^^ t^e honeycomb structure 
ture. Needless to say. the — rent^^^^^^^^^^^ 

against external pressure, and the "^""J^^.^ " rise to a trouble that the partition 

ture in the process of canning. Breakage o the ^^J^J^^^'^^^^ thereby the partition walls 

walls adjacent to and just inside the that the circumfer- 

are subject to sequential breakage one after another. In this resp^^^^^^^ d pp^ .^^^^^^.^ 
ential wall carries a significant role for the partition w^^^^^ 

destruction strength and the ^-a^ -^rnrCs dtt^^^^^^^ corLtion is recognized 

the respective testpieces may exhibit different stress distriDutions. . j tendency that 

lleen the isostatic destruction strength and t^^^^^ 
thegreaterthe B-axis compressive strength thehigherthei^s^^^ 

both A-axis and B-axi3 compressive Strang hs may be c^^^^^ 

acteristic of the honeycomb structure; the former "9 ^" ^^^^^^^^^^^^ the honeycomb structure, 

strength, and the latter rendering another '^'"^^^^^^^ considered as 

wall to have a thickness of not less than 0.15 mm. destruction strength make them- 

Thin-walled ceramic honeycomb catalysts with relaWely °^ '^^^^^^^^^^ ^ p^evioLly stated, par- 
selves a primary object for the c-'^'yticconverteraccordj^^^^^ ^ temperature 
ticularly where the catalytic converter IS used in thej^oximjy^^^^^^ 
condition with the exhaust gas temperature exceeding for exa^^^^^^ 

ofthe catalyst in the cold-start stage, thecatalystcanningstrurture^^ 
bers are required toexhlbitahighlyreliableheatres^a^^^^^^ 

invention, the ceramic fiber mat arranged and '^f^^^'^'JJ^^^^^^^^^ ,„ place within the metal 

and the outer surface of the honey^mb ca^al^^^^^^^^^ 

casing by the surface pressure compnses heat fluctuation within a practical 

pression characteristic which Is ^"•'^t^"*'^"^;^^^^'™"!^^^^^ serviceability for the 

temperature range of the catalyst converter. The ^^^^/^Tm a of alumina, mullite. silicon 

present invention comprises atleastonemembe selected fromag^^^^^ 

carbide, silicon nitride and zirconia. and has a ^''a'nef ^ne^s ° S mm anS a bulk density of 

than 6 nm. Advantageously, the ceramic fiber mat has a f^';'"^^^^"^^"*;^^^^^^^ that, when the ceramic 

0.05-0.3 g/cm3 in the uncompressed state, and ►'^""2eT2 ,Xm^^^^^^^^ and then heated 
fiber mat has been applied with an initial surface pressure^^^^ 

to 1,000«C. it is still capable of generating ^'^^ ^^f^"^;.^^ for practical use. 

temperature strength characteristic and P«^"<'' °" ,<^"\7Ji*;^^J^^^^^^ to examine over the thermal 

The inventors conducted a <=°'"Pa'ative 'est fo«ov«ng^^^^^ ,,^^^,3^ 

expandability 

a intumescent fiber mat. and the rest ot wnicn were . ^ j comprised of 

selected for the present '-ention^he 'nU.^^^^^^^^ Carborandum. both of which 

•INTEF^M: a product of Sumito 3M. and -XPE Ceram^FiberPap^^^^^ 

are commercially available. Meanwhile the [e^'^^^^Jf ^^""^^^^^^ of Denki Kagaku 

of "MAFTEC". a product of Mitsubishi Chemical Industries, and DENKA ALUtN , a pro 

% Each'testplece is prepared by cutting in dimensions of 50 x 50 mm and held between silica glass 

0 1000»C. starting from an in-f urnace atmospheric temperature of 100 a 
The results of this pyro-compression characteristic test are shown in Fig. 6 and Table . 
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Surface pressure (kg/cm2) 








In- 


furnace 


Space temp. 




Evalu- 






Rood 
temj 


Jaoo 


600 


700 


8O0 


1 9O0 


lOOC 


ation 

) 


Wire mesh 


SUS 304 


1.9 


1.8 


1.: 


\ 0.- 


r 0.1 




- 


X 




INC 750 


2.0 


2.1 


l.fi 


\ 1-2 


^ 1.0 


0 




X 


Xntuines- 


IHTERAM mat 5.4t 


1,5 


0.7 




10.0 


5.6 


0.9 


0 


X 


cent mat 


XPE Ceramic Fiber 
Paper 4,9t 


l;7 


0.4 


10.2 


8.1 


3.2 


0.8 


0 


X 


Heat resistant/non- 
intumescent mat 


















Blanket 
type 


Thickness - 7min 
Bulk density 
0.17g/cm3 


1,8 


1.8 


1.9 


1.9 


1«9 


1.9 


1.6 


o 


Thickness - 12.Smm 
Bulk density 
0.10g/cm3 


1,9 


1.9 


1.8 


1.8 


1.8 


1.6 


1.4 


O 


Mat type 


Thickness - 25mm 
Bulk density 
3.25g/cm3 


1.8 


1.8 


1.7 


1.6 


1.6 


1.4 


1.1 


O 


r 

|i 

O ; Accen 


rhickness - 25min 
Julk density 
)*10g/cm3 

tahlo V • v^t. 


1.9 


1.8 


1.7 


1.6 


1.6 . 


1.5 


1.3 


O 
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(3) A load is applied to the honeycomb catalyst 42 via a silica rod 45, and the press-removal load is meas- 
ured. 

The results of the heated press-removal test is as shown in Table 2. 

Table 2 



Retainer members 


Canning 


Press-removal 
load (kgf) 


Evaluation 


Room 
temp. 


950*C 


Comparative Example 
(An intumescent mat) 


IHTERAM 
mat 


stuffing- 
type 


275 


0 


X 


Present invention 
(A heat resistant/non- 
intumescent mat) 


Mat 
type 


stuffing- 
type 


80 


21 


O - 


Blanket 
type 


Ditto 


26 


7 


o 



O : Acceptable x 



Mot acceptable 



As can be appreciated from Table 2. with tlie intumescent ceramicfiber mat. the press-removal load turned 
out to be zero at 950°C, signifying that the mat surface pressure required for retaining the honeycomb catalyst 
in place was totally lost so that the honeycomb catalyst spontaneously fell from inside the metal casing. In con- 
trast in the case of the heat resistant and non-intumescent ceramic fiber mat serviceable in the present in- 
vention there came a finding that the press-removal load was still surviving to be effective, implying the prac- 
ticability to stably retain the honeycomb catalyst in position with the surface pressure of the heat resistant and 
non-intumescent fiber mat even under the temperature which Is as high as 950°C. 

Further the inventors undertook a heated vibration test to examine the retainer members compnsed re- 
spectively of the conventional intumescent ceramic fiber mat and SUS 304 wire mesh as well as the heat re- 
sistant and non-intumescent ceramic fiber mat This heated vibration test started with inserting into a clam- 
shell-type metal casing an oval type ceramic honeycomb catalyst having a major diameter of 143 mm. a minor 
diameter of 98 mm. a length of 152 mm and a volume of 1700 cc. together with a testpiece retainer member. 
Then the test was carried out wherein the metal casing accommodating the honeycomb catalyst and the test- 
piece retainer member underwent 1 0 cycles of heating and cooling, each cycle being comprised of heating up 
to an inlet gas temperature of 900»C for 5 minutes and cooling down to 1 00°C for 5 minutes and various vibro- 
acceleratlons under a constant frequency of 200Hz. Thereafter, measurement was effected to ascertain the 
displacement of the honeycomb catalyst from its Initial set position within the metal casing. The results of the 
heated vibration test are as shown in Table 3, together with the absolute values of displacement 



40 



45 



50 



55 



BNS oaaa 9 

BNSDOCID:--<EP . -0643204A2 I - > ■ ■ ■ ' 



EP0 643 204 A2 



Table 3 
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Comparative 
Example 


Present 
Invention 


10 


Retainer members 


Intumes- 
cent mat 


Wire 
mesh 


Heat 
resistant/non- 
intume scent 
mat 










INTERAM 
mat 


SUS 
304 


Mat 
type 


Blanket 
type 


15 


Heated 
vibrating 
test 
results 


temp. 


Accel- 
eration 














20G 


O 
(0) 


O 
(0) 


O 
(0) 


O 
(0) 




Index: 
Displace- 
ment (mm) 


900*»C 


30G 


o 

(0.2) 


o 

(0.2) 


o 

(0) 


O 
(0) 


20 




40G 


(1^1) 


X 

(1.2) 


o 

(0.2) 


o 

(0.3) 




Evaluation 


X 


X 


o 


o 



O : Acceptable x : Not acceptable 



25 



30 



35 



40 



45 



As can be appreciated from Table 3, in comparison with the intumescent ceramic fiber mat and the wire 
mesh both of which gave rise to unallowable displacement of the honeycomb catalysts from their initial set 
positions when exposed to high-frequency vibrations, the heat resistant and non-intumescent ceramic fiber 
mat serves to maintain the displacement of the honeycomb catalyst within a permissible limit even when ac- 
celerated under a severe vibratory condition. Therefore, it can be clearly recognized that the heat resistant 
and non-intumescent ceramic fiber mat is particularly suitable as a canning structure for effectively retaining 
the ceramic honeycomb catalyst in place within the metal casing against intensive vibro-accelerations trans- 
mitted from an engine, as is the case for a honeycomb catalyst which is arranged in proximity of the engine 
and is thereby exposed to intensive heat of exhaust gas. 

Furthermore, the inventors implemented a push-removal test after the durability test, in order to evaluate 
the time-progressive heat resistance of the heat resistant and non-intumescent ceramic fiber mats, i.e., the 
retainer members for the present invention, in comparison with those of the conventional intumescent ceramic 
fiber mat. which were combined with the above-mentioned three different canning structures. The push- 
removal test was started with putting each testpiece retainer member into each of the metal casing of various 
structures together with a ceramic honeycomb catalyst, followed by placing each metal casing in the burner 
tester. The test was performed by subjecting each metal casing to 100 cycles of heating and cooling for the 
evaluation of the durability, each cycle being comprised of heating up to BOQ^C for 10 minutes and cooling down 
to 1 00°C for 5 minutes, followed by measuring the push-removal load at a given atmospheric temperature within 
an electric furnace. The results of this heated push-removal test are as shown in Table 4. 
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Table 4 



10 



15 





Push-removal load kg (post 
durability testing with heating 
up to 900**C| using a burner) 


Evalu- 
ation 


Stuffing- 
type 


rolling- 
type 


Clam- she 11- 
type 


Room 
temp* 




Room 
temp. 


950*C 


Room 
temp. 


950*C 


Comparative 
Example 

Intumescent mat 


IMTERAM 
mat 


275 


0 


190 


0 


290 


0 


X 


Present 
Invention 
Heat 
resistant/non- 
intumescent mat 


Blanket 
type 


80 


21 


53 


15 


78 


20 


O 


Mat 
type 


26 


7 


20 


5 


22 


6 


o 



O : Acceptable x : Not acceptable 



25 

As can be appreciated from Table 4, with the conventional intumescent ceramic fiber mat, the push- 
removal load at 950°C turned out to be zero regardless of the canning structures of the metal casing, and the 
ceramic honeycomb catalyst was found falling off the metal casing. In contrast, the heat resistant and non- 
intumescent ceramic fiber mat for the present invention revealed that the push-removal load is maintained at 

30 a level which is sufficient for a proper retention of a honeycomb catalyst even when exposed to Intensive heat, 
regardless of the difference in the canning structure. The diameter of the ceramic fibers forming the heat re- 
sistant and non-intumescent ceramic fiber mat has been measured to be within a range from 2-6 ^im. Also, 
the bulk density of the heat resistant and non-intumescent ceramic fiber mat has been measured to be within 
a range from 0.1 0-0.25g/cm3 since the ceramic fiber mat serving as a retainer member in a canning structure 

35 is required to produce and maintain a proper surface pressure along the entire periphery of the honeycomb 
catalyst while compensating for the fluctuation in the clearance or gap occurring due to the dimensional tol- 
erances respectively of the innerdiameter of the metal casing and the outer diameter ofthe ceramic honeycomb 
catalyst at the stage of canning the honeycomb catalyst, it is necessary for the ceramic fiber mat to have a 
proper thickness and an adequate bulk density. In this connection, in the case of practical canning operation, 

40 it is necessary for the ceramic fiber mat to be compressed at a very high rate of 1 00-200 mm/min in view of a 
satisfactory efficiency. It is also vital to consider a remarkable difference which the above-mentioned conrv 
pression rate holds with reference to a low compression rate of 1 mnfi/min. Considering such a difference, a 
ceramic fiber mat compression test was implemented, simulating a practical canning at 150 mm/min, followed 
by measurement ofthe surface pressure at the time each of various mats was compressed until a given gap 

45 came Into existence. The test results are as shown in Table 5 below. 
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Table 5 



5 





Mat 
thick- 
ness 
(mm) 


Bulk 
Qens 1 cy 
(g/cm?) 


Bulk 
density/ 

mat 
thickness 


Evaluation 


Comparative 
Example 








X 

(initial surface 
vent up abruptly) 


Damage 
to the 
honeycomb 




5 


0. 30 


0.060 


A (initial 
surface went up) 




Invention 


7 


0.30 


0.043 


A (initial 
surface went up) 


Honeycomb 


12.5 


0.17 


0.014 


O 


suffered 




12.5 


0.13 


0.010 


O 


no damage 




12,5 


0.10 


0.0080 


o 




25 


0.065 


0.0026 


o 






25 


0.05 


0.0020 


o 






30 


0.05 


0.0017 


A (canning being difficult) 


Comparative 
Example 


40 


0.05 


0.0013 


(canning being impracticable) 



As can be appreciated from Table 5. it was found that there exists a certain proper range over the ratio 

30 between the bulk density and thickness of the mat before compression. Namely, if the ratio between the mat 
bulk density and the mat thickness is too large, the initial mat surface pressure goes up abruptly right after 
the compression, with the surface pressure subsequently getting declined and then stabilized. Such an abrupt 
rise of the mat surface pressure may inflict the honeycomb structure damage. On the other hand, if the ratio 
between the mat bulk density and the mat thickness is small, the initially produced surface pressure is stably 

35 maintained whereby the honeycomb structure is prevented from damages. As mentioned above, an abrupt 
rise of the initially produced surface pressure concurs with the rise of danger that the honeycomb structure 
tends to suffer damage at the time of canning. It should be further noted that in the case of an excessively 
small ratio between the bulk density and the thickness of the mat, namely when the mat thickness goes beyond 
30 mm, the thickness becomes excessive to make difficult various mat handling, such as setting of the mat 

40 in a metal casing and compression of the mat. The mat with a thickness of over 40 mm failed to find normal 
serviceability with no chance of being canned in a metal casing. From these observations, it has been con- 
firmed that the ceramic fiber mats having a bulk density of 0.05- 0.30 g/cm^. particularly 0.05-0,20g/cm^ and 
a thickness of 5-30 mm, especially 10-25 mm are very suitable for the present invention. 

It will be appreciated from the foregoing detailed descriptions that, according to the above-mentioned as- 

45 pact of the present invention, the ceramic fiber mat held compressed between the outer surface of the ceramic 
honeycomb catalyst and the inner surface of the metal casing is comprised of heat resistant and non-intumes- 
cent ceramic fibers, and has such a compression characteristic which is substantially free from significant 
change within the practical temperature range of the catalyst converter. It is therefore possible to avoid fluc- 
tuation of the surface pressure of the mat under actual use conditions of the catalyst converter and stably main- 

50 tain the surface pressure at an optimal value for a long period. It is further possible to stably retain a ceramic 
honeycomb catalyst within a metal casing over a long period, positively protecting the honeycomb catalyst 
against damage during use, even when it is of a thin-walled structure. 

Fig. 9 is a longitudinal-sectional view showing a fourth first embodiment of the catalytic converter according 
to the present invention, which may be installed, e.g.. in the exhaust system of a gasoline engine for a pas- 

55 senger car. The catalytic converter 50 of this embodiment includes a metal casing 51 of a clanrvshell-type hav- 
ing a hollow cylindrical shape, for example. Aceramic honeycomb catalyst 52 is accommodated within the metal 
casing 51. and has a plurality of passages for passing therethrough exhaust gas from an internal combustion 
engine. Generally, the metal casing 51 of the clam-shell-type is fonned by welding a pair of half shell members 
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of a semi-circular cross-section section, for example, along their circumferent.a ends wh.ch ^re b"tt-jo.ne^ 
tooetheMn th present embodiment, a retainer member 53 is arranged and held compressed be ween the 
outrsurfacrofLhoneycombcatalyst52a^ 

meler?2?^^^^^^ form of a heat resistant and non-intumescent ceramic fiber mat conta.nmg substantia ly 
Zgan c b in e no verml^^ and the like expansiv. component, and having a '=°'"P^««j;°"/^^^Xf^^^^^ 
whii fsTubstantially free from significant change within the practical temperature range o the catalyt c con- 
ve^r 50 n rise the honeycomb catalyst 52 is retained at a predetermined location wrthm the me^, ca^ 
ino 5 bv Se surfeoe pressure which is derived from the recovery force of the retainer meniber 53 from the 
^ clnTrrnair of clamo rinos 54a 54b are provided as locking members forlocking the retainer mem- 

hehC-bcatalyL2. These ciamp rings maybew^ 

that the retainer member 53 is tightly clamped between the clamp rings 54a. 54b on both sides in the flow 
cf 'ectton it damp rings 54a. 54b may be formed of an annular-shaped metal wire net or rings comprised of 
^LLe metal O^S^^ami. It st^ould be noted that both end portions of the metal casing 51 s formed as cone 
rJ^r^JlTsTb wSare provided with flanges 51c. 51d for the connection to the exhaust pipe respectively 
St ; e slrrcSh: damp rings 54a. 54b may be held In engagernent v.t^^^^^^^^ portions 
51 e 51f provided in front of the cone portions 51a. 51b on the inner surface of the rietel casing 51. 

R^oTaCgitudinal-sect^^^ 
to the present inventton. which can be installed In the exhaust system of a gasoline engine for a passenger 
i aVi^Te ouT^^^^^ explained above. The catalytic converter 60 of this 

Sow cyrdrlcal metal casing 61. and is of a stuffing-type into which a ceramic honeycomb ca alyst 62 .s 
SresTfS inSe^S direction, starting from one end of the metal casing 61. Also in this embodiment, pre- 

Zed and S compressed between the outer surface of the honeycomb catalyst 62 and the '"ner su face 
of the metel casing 61 Adamp ring 64 for damping the retainer member 63 is integrally secured to the inner 
suHoflhe m^^^^^^^^^ 61 at the posttlon corresponding to one flow directional end of the honeycomb ca^ 
^ivTetTe ring M may be a ring comprised of a suitable metal, for example, and may be welded to 
ttnerllrfacroJ the ml^^^^ 61. Lhermore. the end of the metal casing which is located on another 
oTdrerotenrs^^^^^ 

iects radiallv inward so that the respective ends of the retainer member 63 and the honeycomb catalyst 62 
nnlLStothrh^l'der^^^^^ 

b 63 Xh^d^^^^^^^^^^^ the damp ring 64 and the shoulder portion 61a -^°th sides in t^^^^^^^ 
Sfrec'onsfasto lock the retainer member in the exhaust 
. casino Si is provided with a cone portion 61b adjacent to the shoulder portion 61a. and a flange 61c at the 
dSn iftrconeineibfo^^ 

J^^ cone porn 61 b is provided, namely, at the end of the metal casing 61 located on the s.de^ ^^^''^^ 
the S^Sevcomb catalyst 62. a flange aid is also fomied for the connection to an exhaus pipe 66. In this case 
t fe pref^^bre to pSe a spacer ring 67 and a pair of retainer rings 68a. 68b for damping the spacer ring 67 
her^beTreen which are ar^nged between the honeycomb catalyst 62 and the damp nng 64 on one hand 
andteS^^^^^^ 66 on the other hand, fbrdefining the axial directional positions respectively of the hon- 

to the present invention, which can be installed in the exhaust system of an internal combustion engine for 
ItortSSes The catalytic converter 70 of this embodiment indudes a hollow cylindncal metal casing 71 of a 
Sipe/a ceramfc honeycomb catalyst 72. a retainer member 73 arranged and he d compre^^^^^^^ be- 
tweenL ou er surface of the ceramic honeycomb catalyst 72 and the inner surface of the "^e al "9 ^l- 
and al eking member74foedamping the retainermember73 in the exh^^^^^ 

the oatalvtic converter 70 of this embodiment is basically same as the catalytic converter of the above- 
menSneJlfJh embodiment In the present embodiment, atone end of the metal casing 71, there ,s prevKied 
TfTange 75 wmch projects radially inward so as to be brought into contact with the respective ends of the hon- 
evlomb catat 1 72 and the retainer member 73. Needless to say. the honeycomb catalyst 72 and the retainer 
m^ter 73 aS p^^^^^^ into the metal casing 71 from another end thereof. Furthermore, a clamp ring 74 
fo^S ing thTrSr 1^^ 73 is fixedly provided adjacent to the retainer member 73 at said another end 
S tT^tiS 71 Tn this case, the clamp ring 74 may be welded to the metal casing 71 . for xample. In 
thl embod rnl the exhaust gas flow directional position of the retainer member 73 is fix d by the damp 
ring 'fanTa flang 75 serves to prevent the honeycomb catalyst 72 from getting loose and subsequently 
mnvina about in the flow direction within the metal casing 71 . . ' . , ^. 

Figs 12 ti;^^^^^^^^ are longitudinal-sectional views showing various modifications of the catalytic con- 
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verter according to the above-mentioned sbcth embodiment. Thes modifications are basically same as the 
s«th embod.ment inclus.ve of th metal casing of a stuffing-type, so that only major differences will be ex- 
plained be ow. For the sake of convenienc . the same reference numerals are used to denote elements which 
substantially or functionally correspond to each other, so as to avoid superfluous description 

In the sixth embodiment explained above, the inner periphery of the flange 75 at one end of the metal cas- 
ing 71 IS positioned rather radially inward beyond the outer periphery of the honeycomb catalyst 72 wherebv 
oneendfaceofthe honeycomb catalyst 72isalsobroughtinto contact 

to the first modmed example shown in Fig. 12, the Inner periphery of the flange 75 is positioned slightly !n 
radially outer side of the outer surface of the honeycomb catalyst 72 so that retainer member 73 only has Its 
one end face brought Into contact with the flange 75. Even in this case, similarly to the sbcth embodiment, the 
exhaust gas flow directional position of the retainer member 73 is f bced by the clamp ring 74 and the flange 
75 so as to prevent honeycomb catalyst 72 from getting loose and subsequently moving about in the flow di- 
rection. According to the modified example in Fig. 12. furthermore, the honeycomb catalyst 72 is mainSiei 
spaced from the flange 75 to fully use the effective cross sectional area of the honeycomb catalyst 72TS 
exhaust gas inlet and outlet ports, and thereby minimize the pressure loss of the exhaust gas in the pracScal 
use condition. *^ ««v>v*«i 

In the second modified example shown in Fig. 13. the metal casing 71 of the catalyst converter 70 at its 
one end is provided with a flange 75 which projects radially inward, with which the respective ends of the oar- 
amic honeycomb catalyst 72 and the retainer member 73 are bn>ught into contact Further, a danp nng 74 

cZ:'7?rfiSr r !:^'''""° -^temer member 73 at another end side of the metal 

casing 71 forfixing the exhaust gas flow directional position of the retainer member 73. and a locking ring 76 
IS welded to another end of the metal casing 71 thereby to position the damp ring 74. In this way. the retainer 

t'jrmetai!^:/„r7;-^ 

? r''^"^^ ^^"'"3 '"""^ ^"^ subsequently moving about in the flow direction.! 
Snrrc '"""k ' T' ^' "''"'"•"^ °' the retainer ring 76 and/or the inner periphery of he 

flange 75 may be positioned slightly on radially outer side of the outer periphery of the honeycomb LtaS 

Also In the third modified example shown in Fig. 14. the metal casing 71 of catalyst converter 70 at its one 
end IS provided with a flange 75 which prejects radially inward, and a retainer ring 76 welded to another end 
of the metal casing 71 . As the locking members for locking the exhaust gas flow dLctional poswrof the r^ 
toiner member 73. damp rings 74a. 74b each comprised of a metal wire net are provided. These ctemp rin J 
74a 74b are arranged respectively between the ends of the honeycomb catalyst 72 and the retainer member 

InntSr^rT^^^^^^ " I'" °' •'""^y"""" '^^'^'y^' '2 and the retainer member 73 ontei 
another side. Therefore, not only the retainer member 73 but also the honeycomb catalyst 72 can be fixed in 
the exhaust gas flow direction with the damp rings 74a. 74b respectively co'operating wi h S^, flange 75 a d 

IIITh'; r^'"'"!!"' accommodated within the metal casJig 71 is 

prevented from getting loose and subsequently moving about in the flow direction 

In thefourth modified example shown in Fig. 15. the metal casing 71 of the catalyst converter 70 comprises 
a cyhndr^al body without the flange 45 as shown in Figs. 11 through 14. In this <ise. the 
f mng the retainer member 73 is provided and lodced adjacent to the retainer member 73 at eacS Z of t^e 

r^Sl ' H-r?''"'- """" ^'^^'^'y ^^^-"^^ '° '"^'^l 71 by welding, fo ex! 

ample. This modification servestofbc the exhaustgasfto 

he m JrZo tV ' T.'f "^^^ '^^y'' 72 accommodated wZ 

the meta casing 71 « prevented from getting loose and subsequently moving about in the flow direction 

I,. K t « a 'ongitudinal-sectional view showing one example of catalytic converter 70 for motorcydes of 
r.cS„f<fr k'""^ " incorporated in a muffler 80. With reference to Fig. 16. the exhaust gas flow'di- 
S^d ' TT't '° °' above-mentioned arrangement is not ex- 

posed to the open air and is thus hard to get cooled, so that the metal casing 71 and the reteiner member 73 
are heated up to extremely high temperature. This results in expansion of the metal casing 71 and dTcreaS 

Tnl LSr.? I'^^r '""^^ "'^ «=-^'y«t 72 gets loose 

and subsequently moves about to occasionally suffer from premature wear and damages 

alysts 52. 62 72 in place even under a high temperature condition of the catalytic converter, for ach of Xe 
fourth to s«th embodiments and examples modified therefrom, the retainer member 53. 63 73 is advanS 
geously comprised of a heat resistant and non-intumescent ceramic fiber mat having th compr ssion chS- 

catalyst converters. In this connection, the ceramic f ibere for such a mat are preferably comprised of at leTst 
one member selected from thegroupconsisting Of alumina, mullite. Silicon carbide, silicon nitS^^^^^ 

14 



5DOCID: <EP 0643204A2 ) > 



BNS oaae ^^ 



EP0 643 204 A2 



and are substantially free from organic binders or vermiculite and the lik expandable component. Further, 
the diameter of the ceramic fibers for such a mat Is preferably not less than 2 ^m but not greater than 6 ^im. 
Preferably, such a ceramic mat has a nominal thickness of 5-30 mm and a bulk density of 0.05-0.3 g/cm^ in 
its non-compressed state, and exhibits a compression characteristic capable of generating a surface pressure 

5 of at least 1kgf/cm2 when heated up to 1000*^0 after being applied with an initial surface pressure of 2kgf/cm2 
at room temperature. In this case, from the viewpoint of the pyro-strength characteristic of the ceramic fibers 
and the production cost thereof, mullite fibers can be particularly suitably adopted. As mentioned hereinabove, 
such a heat resistant and non-intumescent ceramic mats are commercially available under the trade names 
of "MAFTEC", a product of Mitsubishi Chemical and "DENKA ALCEN", a product of Denki Kagaku Kogyo. To 

10 optimally clamp the retainer members 53. 63. 73 in the exhaust gas flow direction, the compression margin of 
the ceramic fiber mat in the exhaust gas flow direction Is preferably not less than 2 mm per unit length 100 
mm of the honeycomb catalyst 52, 62, 72. Also, when the present invention Is applied to a stuffing-type catalytic 
converter, it is desired for the ceramic fiber mat to have a bulk density of at least 0.2g/cm3 In the non-com- 
pressed state, since a ceramic fiber mat having a bulk density of less than 0.2g/cm3 in the non-compressed 

15 state may give rise to difficulties to achieve the desired push-in operation. 

Further, in either of the above-mentioned fourth to sixth embodiments and the examples modified there- 
from, it Is only necessary for the locking members 54a. 54b, 64. 74, 74a. 74b to achieve the function of clamping 
and locking the retainer members 53, 63. 73 In the exhaust gas flow direction when catalyst converter 70 is 
put Into practical use. Namely, it Is not essential for the locking member to be of such a configuration as to 

20 continuously extend over the entire circumference of the retainer member. The locking members may be of 
two-piece structure or a multi-split type divided in the circumferential direction Into a plurality of segments. 
However, from the standpoint of optimally clamping the retainer members in the exhaust gas flow direction, 
each locking member should be of such a configuration as to extend over more than 1/2, preferably more than 
2/3, of the entire circumference of the retainer member. Basically, the locking members may be of any config- 

25 uraiion and may. for example, be in the form of a clamp ring 74 comprised of a heat resistant metal sheet proc- 
essed into a corrugated configuration as shown in Fig. 17 which shows still another example modified from 
the sixth embodiment. 

As fully explained above, the present invention in its second aspect is constituted so that each retainer 
member 53. 63. 73 serves to retain the ceramic honeycomb catalyst 52. 62. 72 In place within each of metal 

30 casing 51 , 61 , 71 and is clamped or otherwise locked in the exhaust gas flow direction by the locking member 
54a, 54b, 64, 74, 74a, 74b. In order to examine the advantageous effects available with such an arrangement 
of the present invention, a heatingMbrating test was implemented, using the catalyst converters according to 
the embodiments of Figs. 9 through 14, and other comparative catalyst converters which are substantially 
same in constitution but slightly different in that the latter are not provided with the locking members of the 

35 present invention. The test was performed by changing the compression margin of the retainer members, the 
surface pressure thereof, the vibro-acceleratlon thereof, and the respective duration of heating and vibration 
thereof. Upon completion of the heatingMbrating test, the retainer members were inspected to ascertain wheth- 
er or not they had abnormality, and the catalyst earners were examined in terms of their retention conditions. 
The test results are shown in Table 6 below. 
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It can be appreciated from th the foregoing that the present invention in its second aspect is to provide 
at least on locking member In connection with a retainer member which serves to retain the ceramic honey- 
comb catalyst In place within the metal casing, and to clamp or otherwise lock the retainer member in the ex- 
haust gas flow direction by the locking member. It is thus possible to prevent th honeycomb catalyst from 
getting loose and subsequently moving about in the flow direction, even when the retention force applied from 
the outer side of the catalyst is decreased when exposed to intensive heat, and to positively prevent the hon- 
eycomb catalyst from undergoing premature wear and damages. 

While the present invention has been described with reference to specific embodiments, they were pre- 
sented by way of examples only. 



Claims 

1 . A ceramic honeycomb catalytic converter comprising: a metal casing; a ceramic honeycomb catalyst ac- 
15 commodated in said casing; and a retainer member in the form of a ceramic fiber mat disposed in a com- 

pressed state between an outer surface of the honeycomb catalyst and an inner surface of the casing, 
thereby generating a surface pressure for retaining said honeycomb catalyst in place within said casing; 
wherein said ceramic fiber mat comprises heat resistant and non-intumescent ceramic fibers and has a 
compression characteristic which is substantially free from a significant increase or decrease In a practical 
20 use temperature range of the catalytic converter. 

2 The ceramic honeycomb catalytic converter of Claim 1 , wherein said ceramic fiber mat has such a com- 
pression characteristic that, when the ceramic fiber mat has been applied with an initial surface pressure 
of 2 kgf/cm2 at a room temperature and then heated to 1,000«C, It is still capable of generating a surface 
25 pressure of no less than 1 kgf/cm^. 

3. The ceramic honeycomb catalytic converter of Claim 1 or 2, wherein said ceramic fiber mat in its uncom- 
pressed state has a nominal thickness of 5-30 mm and a bulk density of 0.05-0,3 g/cm\ 

4 The ceramic honeycomb catalytic converter of Claim 1, 2 or 3 wherein the ceramic fibers forming said 
ceramic fiber mat comprise at least one member selected from a group consisting of alumina, mulite. sil- 
icon carbide, silicon nitride and zirconia. and have a fiber diameter which is at least 2 ^im and no greater 
than 6 ^m. 

5. The ceramic honeycomb catalytic converter of one of Claims 1 to 4, wherein said ceramic honeycomb 
^5 catalyst comprises a ceramic honeycomb structural body having a peripheral wall, and partition walls in- 

side of the peripheral wall, for defining a number of flow passages of a polygonal cross-section arranged 
adjacent to each other, said peripheral wall having a thickness of at least 0.1 mm, said partition walls hav- 
ing a thickness of 0.060-0.150 mm. and said honeycomb structural body having an open frontal area of 
65-95%. 

The ceramic honeycomb catalytic converter of Claim 5, wherein said ceramic honeycomb catalyst has an 
A-axis compression strength of no less than 50 kg/cm2 and a B-axis compression strength of no less than 
5 kg/cm2. 

45 7 The ceramic honeycomb catalytic converter of one of Claims 1 to 6. wherein said casing is provided with 
at least one locking member for locking said ceramic fiber mat in a flow direction of exhaust gas passed 
through the honeycomb catalyst 

8. The ceramic honeycomb catalytic converter of Claim 7, wherein said locking member maintains said cer- 
50 ' amic fiber mat in a compressed state in which the mat is compressed in the exhaust gas flow direction, 

by a compression amount of no less than 2 mm per a unit length of 100 mm of the honeycomb catalyst. 

9. The ceramic honeycomb catalytic converter of one of Claims 7 and 8, wherein said locking member serves 
also to lock an end surface of the honeycomb catalyst in the exhaust gas flow direction. 

1 0. The ceramic honeycomb catalytic converter of one of Claims 7 to 9. wherein at least one of said locking 
member and said metal casing has an inner periphery which is greater in dimension than an outer per- 
iphery of the honeycomb catalyst. 
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11. A ceramic honeycomb catalytic converter comprising: a metal casing; a ceramic honeycomb catalyst ac- 
commodated in said casing; and a retainer member disposed in a compressed state between an outer 
surface of the honeycomb catalyst and an inner surface of the casing, thereby generating a surface pres- 
sure for retaining said honeycomb catalyst in place within said casing; wherein said casing is provided 

5 with at least one locking member for retaining said retainer member in a flow direction of exhaust gas 

passed through the honeycomb catalyst. 

1 2. The ceramic honeycomb catalytic converter of Claim 1 1 , wherein said locking member maintains said re- 
tainer member in a compressed state in which the retainer member is compressed in the exhaust gas flow 

10 direction, by a compression amount of no less than 2 mm per a unit length of 100 mm of the honeycomb 

catalyst. 

13. The ceramic honeycomb catalytic converter of Claim 11 or 12. wherein said locking member serves also 
to lock an end surface of the honeycomb catalyst in the exhaust gas flow direction. 

15 

14. The ceramic honeycomb catalytic converter of one of Claims 11 to 1 3. wherein at least one of said locking 
member and said metal casing has an inner periphery which is greater in dimension than an outer per- 
iphery of the honeycomb catalyst 

15. The ceramic honeycomb catalytic converter of one of Claims 7 to 14, wherein said locking member com- 
prises a ceramic material. 

16. The ceramic honeycomb catalytic converter of one of Claims 7 to 14. wherein said locking member com- 
prises a metallic material. 

25 17. The ceramic honeycomb catalytic converter of Claim 16, wherein said locking member comprises a met- 
allic wire mesh. 

1 8. The ceramic honeycomb catalytic converter of one of Claims 1 to 1 7, wherein said catalytic converter is 
for an exhaust gas clarification system for an internal combustion engine for motorcycles. 

19. The ceramic honeycomb catalytic converter of Claim 1 8. wherein said metal casing is accommodated with- 
in a muffler. 

20. The ceramic honeycomb catalytic converter of one of Claims 1 to 19. wherein said metal casing is of a 
stuffing type, a rolling type, or a clam-shell type. 
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FIG.IA FIG. IB 




FIG.2A FIG.2B 
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FIG. 8 
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A ceramic honeycomb catalytic converter 
having a novel canning structure capable of 
stably retaining a thin-walled ceramic hon- 
eycomb catalyst (12) within a metal casing (11) 
for a long period. A retainer member in the fomi 
of a ceramic fiber mat (13) is disposed between 
an inner peripheral surface of the casing and an 
outer peripheral surface of the honeycomb 
catalyst, in a compressed state to generate a 
surface pressure for retaining the honeycomb 
catalyst in place. The ceramic fiber mat is com- 
posed of heat resistant and non-intumescent 
ceramic fibers, and has a compression charac- 
teristic which is substantially fr e from a signifi- 
cant increase or decrees in a practical use 
temperature range of the catalytic converter. 
The casing may be provided with at least one 
locking member (14,15) for locking th ceramic 
fiber mat in a flow direction of exhaust gas 

passed through the hon ycomb catalyst. 



Jouve. 18, rue Saint-Denis. 75001 PARIS 



BNS oade l ; 



.BHSDQC1D:<EP ■ \0643204A3 (:> 



EP0 643 204 A3 



European Patent 
Ofllce 



EUROPEAN SEARCH REPORT 



Aj»pUcadoD Nunbo- 

EP 94 30 6494 



s 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P.X 

X 

Y 
Y 

A 
A 



Otalioa of docuioat with indiciilign, where appropriate. 
of rttevant p«mig« 



US-A-5 250 269 (LANGER) 
* the whole document * 

US-A-4 144 627 (MODA) 



* the whole document * 

US-A-4 233 351 (OKUMURA) 

* column 1, line 17 - line 31 * 

* column 3, line 35; claim 68; figures; 
example 4 * 

US-A-3 905 775 (SOWARDS) 

^ column 9. line 5 - line 30; figures * 

EP-A-0 205 704 (ISOLITE BABCOCK 
REFRACTORIES) 

US-A-4 404 007 (TUKAO) 



The present sesrcfa report has been drnwD up for bII cf hos 
Place of Mank 



THE HAGUE 



Utit at conilttlM af tim lemk 

22 May 1995 



RdevMit 
to ctoiin 



CLASSinCATION OF THE 
APPUCATION (Int.CL6) 



1-4 



1-4.7, 
9-11,13, 
14,16, 2C 
5,6 

5,6 



1-6 



F01N3/28 



TECHNICAL FIELDS 
SEARCHED aitta.fi) 



CATEGORY OF OTeO D0CLIMENT3 

X ; particularly wlarant ii taken alone 

Y : partioilariy relevant if combkied with another 

tecument of the suae categoiy 
A : technological baclc^unl 
O : Don-mitteo disclosure 
P : latemcdtate document 



FOIM 



Sideris, M 



T : theory or prindple underiyins the invention 
E : earilcr patent docoiaent. but published on, or 

after the flllog date 
D : docsncnt cited in the appUcatjon 
L : document cHcd for other r 



A : member of the same patent family, corieiin7!*Dg * 
document 



ISDOCtD:<EP 0643204A3 .I > 



BNS oaae 2 



